a b s t r a c t Binocular deficits are relatively common within a typical sample of observers. This has implications for research on binocular vision, as a variety of stereo deficits can affect performance. Despite this, there is no agreed standard for testing stereo capabilities in observers and many studies do not report visual abilities at all. Within the stereo literature, failure to report screening and sampling has the potential to undermine the results of otherwise strictly controlled research.
Introduction
The process of interpreting depth information veridically is anything but trivial and yet, the computations involved are well masked from our conscious experience. If information about depth in the environment is weak or ambiguous, the visual system nevertheless arrives at an interpretation, so expertly that we usually do not notice ambiguities or missing information. Similarly, if depth information in a visual scene is abundant we are usually not aware of different cues contributing to our depth perception. For this reason studies that investigate stereopsis and depth perception must consider whether performance in a binocular task is based on impaired and/or different input for individual observers.
The aim of this review is to document screening and sampling procedures in psychophysical and neuroscientific studies of binocular vision and to discuss implications. We call for greater attention to screening for stereo deficits and sampling of observers and draw on literature from clinical ophthalmology and binocular vision research. In addition, we suggest that stereo-motion capabilities may be considered when assessing stereo perception.
Stereo deficiencies
The ability to see in depth is facilitated by the basic anatomical structure of the primate visual system (Howard & Rogers, 2002) .
The presence of two forward facing eyes in combination with vergence (and cyclotorsion) of the eyes creates a large degree of binocular overlap or crossover between the visual fields. Animals with a large degree of binocular overlap have developed stereopsis; they can exploit differences between retinal images in the left and right eye to perceive depth in the environment.
During stereopsis the disparate, 2D retinal images are fused into a single 3D percept. Through identifying corresponding points, 'matching primitives' in the slightly offset retinal images of the left and right eye, the images can be aligned in such a way as to reveal depth information. There are various monocular and binocular depth cues available in a typical 3D scene and depth perception can be achieved by exploiting stereo correspondences in static as well as dynamic images.
It was reported, for example, that dynamic depth cues enhance depth perception (Bradshaw & Cumming, 1997) , especially when disparity cues are weak or ambiguous (van Ee & Anderson, 2001 ).
Stereo deficiency, or, the inability to correctly perceive depth, occurs in various ocular conditions. Amblyopia ('lazy eye') is a non-disease related reduction in visual acuity that has a worldwide prevalence rate of 2-2.5% (Farvardin & Afarid, 2007; Parker, 2007) .
Stereopsis is also affected in strabismic (cross-eyed) patients, who suffer from varying degrees of misalignment between the two eyes. This condition has different forms including esotropia, where one eye deviates inwards, exotropia, where one eye deviates outwards, and hypertropia, where one eye deviates upwards.
[Strabismus can be further categorized as constant when it occurs under all viewing conditions or as intermittent when it alternates between the eyes. Patients with intermittent strabismus are likely to develop normal binocular functioning, whilst those with constant strabismus are unlikely to develop normal binocular functioning unless they are identified and treated early.] Patients with anisometropia, a condition in which the ability to focus is degraded in one eye relative to the other, are also known to show deficits in stereopsis and depth perception.
A condition that usually involves both eyes and affects between 2.3% and 13% of the US population (Convergence Insufficiency Treatment Trial Study Group, 2008 ) is known as convergence insufficiency. This binocular disorder results in a range of visual impairments especially at near-point distances and often leads to diplopia or double vision.
Screening and prevalence
Prevalence estimates of stereo deficits vary widely between reports. Using a Keystone stereo test and a hexagonal stereo test Coutant and Westheimer (1993) reported that 97.3% of a convenience sample of N = 188 biology students could detect horizontal disparities of 138 arcsec (2.3 arcmin) or less. On the other hand, 20% of the sample could not detect depth at less than 30 arcsec. Ament et al. (2008) tested visual abilities at near point distances in 200 college students with self-reported 'normal' vision. The visual capabilities of participants were measured using the Keystone Visual Skills Series.
1 This series of tests provides a thorough assessment of the visual capabilities of the observer, including measures of binocular functioning and stereopsis. It is mainly used in clinical practice because it requires a telebinocular. The authors were particularly concerned with binocular convergence at near (16 in or 0.4 m) and far-point distances (20 ft or 6 m) and resting lateral posture of the eyes, the direction of the line of sight for each eye at rest. In this study they also measured fusion ability, the level of binocular coordination that is present, under the assumption that maximum processing of stimuli occurs only in cases where normal lateral posture and fusion are present. Near point binocular convergence dysfunction in terms of lateral posture was found in 65% of the sample, 40% were exophoric whilst 25% were esophoric. In terms of fusion, they reported that 23.5% of the students displayed some kind of binocular dysfunction, with 10.5% exophoric and 13% esophoric. Reduced fusion is likely to affect the ability of the observer to adequately combine monocular half images in a binocular display.
In a review of 10 selected studies mostly from clinical populations and children Cacho-Martinez, Garcia-Munoz, and Ruiz-Cantero (2010) tried to establish prevalence of accommodative and non-strabismic binocular dysfunctions. They found a wide range of accommodative insufficiencies (2-61.7%) as well as convergence insufficiencies (2.25-33%) across studies.
In their literature review on screening practices in research Ament et al. (2008) A total of 34% of the articles reviewed made no mention of the visual abilities of research participants, a further 43% mentioned a test but gave no specific details, 18% used self-report measures and only 5% used a standardized visual test (see Fig. 1A ).
Stereo literature survey
As illustrated by the literature review prevalence as well as the degree of binocular dysfunction and stereo deficits is relatively unknown in the general population.
This coupled with the gross underreporting of visual abilities in typical research, indicates a potential sampling bias in studies of binocular vision. If participants are selected from a subpopulation without stereo deficits then results may not be representative of the general population. On the other hand, if observers with stereo deficits are included then performance in a specific binocular task may be biased.
In order to document screening and sampling in the field of binocular perception, we conducted our a literature survey on studies published in three journals dedicated to research on visual perception: Vision Research, Perception, and Journal of Vision.
We surveyed stereo testing and sampling of observers in recent publications devoted to the study of binocular vision. Thereto, we conducted a Web of Science search on the key term 'binocular vision', refining our search to the years 2000-2008 inclusive and the three journals. Our criteria for inclusion were that the article (a) included only human observers (b) concerned only non-clinical samples of observers, and (c) used a binocular stimulus display. To satisfy the last point we excluded studies on binocular rivalry or ocular dominance. This gave us a sample of 266 studies with a total of 2660 observers. Although our main focus was screening and sampling of observers it is worth mentioning that 70% of the studies employed static stereo stimuli, 19% moving stereo stimuli, and 11% both.
First, each study was coded according to the type (if any) of stereo test used: 'Not Mentioned' (0), if the depth capabilities of the observers were mentioned only briefly/not at all; 'No Details' (1), Fig. 1 . Pie-charts with percentages of articles from journals that make no mention (mid-gray), give no details (light-gray), provide self-report/in-task testing (dark-gray), and give full details (separate slice) for (A) vision screening as reported by Ament et al. (2008) if capabilities of depth perception for observers was explicitly mentioned but the testing procedure was not; 'Self-Report' (2) if a test was mentioned which is not a standard method of testing stereopsis, e.g. a self-report, an in-task method designed by the experimenters, or a test which is not commercially available/scientifically validated; and finally 'Full Details' (3) if the article mentioned a specific test which is considered a standard test of stereopsis.
Based on this categorization, we found that 44% of the studies did not mention any stereo screening and a further 18% mentioned screening but no specific stereo test. Of those studies that specifically mentioned a test (38%), 17% used a non-standard self-report or in-task test. Approximately 21% of the studies used a standard stereo test (see Fig. 1B ). Given that all studies are concerned with binocular vision, the results illustrate widespread uncertainty among researchers whether or not screening for stereo deficits is feasible or necessary and whether or not to report it.
In terms of sampling of participants, 91% of the studies fail to report selection or exclusion of participants, 1.5% mention exclusion but provide no numbers or details, and 7.5% provide a detailed report (see Fig. 1C ).
Studies that report screening for binocular deficits excluded 3.9% (56 of 1454) of participants and studies that fail to report stereo screening excluded 0.7% (9 of 1206). Although the percentage of excluded participants seems rather low these results suggest that screening for stereo deficits increased the number of reported exclusions more than five times. In addition, the percentage of observers excluded from studies that report detailed screening for stereo deficits as well as sampling amounts to 17.6% (56 of 318). As the report on sampling and exclusion of participants is likely to be confounded detection of stereo deficits severe enough to merit exclusion probably spans 3.9-17.6%. The wide range is likely to reflect uncertainty about the severity of stereo deficits across individual observers as well as the exclusion criterion across studies.
The low number of exclusions (0.7%) in studies without stereo screening may be explained as follows. (1) Observers with binocular dysfunctions were not identified as a consequence of omitting screening for stereo deficits. (2) Selective sampling may have occurred so that results from these studies are not representative of stereo capabilities in the general population. (3) As mentioned above, it is possible that stereo screening as well as sampling is only reported when participants were excluded.
We also coded the type of participant involved in each study: 75% of all participants were naïve observers, that is participants who were unaware of the aims of the experiment, 10% were trained or experienced observers also unaware of the aims, 3.5% were classified as authors, if participants of the studies were members of the research group involved in the study, and 11.5% of participants were mixed, if participants were naïve as well as authors.
In 89% of the studies at least one participant was naïve to the experimental aims and procedures and in 51% of the studies, comprising 75% of all participants, observers were naïve and without experience. Naive participants are unlikely to be guided by the experimental hypotheses but they are also unfamiliar with stereoscopic displays so that screening for stereo deficits may be more important. Of those studies with at least one naïve participant, about 41% report screening with a specific stereo test whereas 41% failed to report screening. The remaining 18% mention nonspecific stereo screening. Not surprisingly, no exclusion of participants was reported for studies with authors only (0 of 94), and relatively few for mixed samples of authors and naïve observers (2 of 303).
In 41% of the studies, accounting for 25% of all participants, either experienced observers or authors took part. These samples may fall short of measuring the average observer. This was recently illustrated in a study where naïve participants (all of whom were psychology students) performed similar to infants and children rather than the experienced observers normally included in this type of research (Horwood & Riddell, 2010) . Repeated employment of the same observers across studies and a lack of reporting selective sampling may exacerbate the bias in average performance because observers stereo capabilities are simply better than average.
We conclude that in the vast majority of studies screening and sampling procedures are not sufficiently documented, almost certainly leading to biased reports of stereo capabilities.
Measuring stereopsis
Stereo tests should provide a quick and effective measure of stereo acuity and a number of stereo tests are used to screen for deficits in stereo perception, on their own or in clinical studies in addition to tests of monocular and binocular eye function. The most common stereopsis tests (see Appendix A), are random dot based tests such as the TNO test, the Lang I and II tests and the Random-Dot E test (Kriegbaum-Stehberger, Jiang, & Mojon, 2008; Reinecke & Simones, 1974) . Traditional ways of administering these tests include the use of anaglyph or polarized targets and glasses to stimulate retinal disparity between the left and right eye. Two panels with random dot stimuli are presented side by side in front of the observer at increasing viewing distance. Repeated ability to correctly identify the panel with target (butterfly or letter E) defined in depth is used to determine a detection threshold for stereopsis.
Stereopsis can be measured using anaglyph cancellation to present disparate images in the left and right eyes. Targets are typically viewed through anaglyph glasses and these tests are also available with polarized glasses (Yamada, Scheiman, & Mitchell, 2008) . Comparison between the polarized and anaglyph versions of the RDE stereo-test, the Random Dot Butterfly, the stereo numbers test, the stereo circles test and the stereo animals test in a sample of 60 children with no strabismus, amblyopia or high refractive error and normal ocular health, gave mixed results.
Both of the Random dot based tests showed a high level of agreement in terms of the number of children who correctly identified the letter 'E' or the 'butterfly' on four out of four trials. The Random Dot Butterfly test showed very strong agreement with its polarized counterpart, a Wilcoxon signed rank test indicated virtually no difference between the two RDE tests (p = 0.99). The stereo animals test also showed a high level agreement: Of the 58 observers who achieved 100 arcsec using the anaglyph test 57 also had 100 arcsec on the polarized version. The overall agreement was 0.95 (CI 95% 0.895-1.0). However, agreement was less than 0.6 for the Stereo Numbers Test and less than 0.35 for the Stereo Circles test (Yamada, Scheiman, & Mitchell, 2008) .
More recently, methods have been introduced that use a special prismatic printing process so that disparate images can be presented to each eye without the need for anaglyph or polarized glasses. Several versions of these tests are available, including: the Titmus Stereo Test, the Stereo Reindeer Test, the Random Dot Butterfly, the Random Dot Figures, and the Random E, Circle, Square (Hatch & Richman, 1994) . Within-subjects performance on the five individual tests against their traditional counterparts showed a high correlation (r = 0.997, r = 0.998, r = 0.997, r = 1.0, and r = 1.0, respectively) with regard to levels of stereopsis identified by traditional and non-polarized versions of each test (Hatch & Richman, 1994) . There are advantages to non-polarized versions of tests for researchers, in terms of cost effectiveness and ease of use. Since there is no quantifiable difference in performance these versions of traditional tests may be considered as reliable substitutes.
RDS tests of binocular functioning have the advantage of minimizing the presence of monocular cues. Contour based tests such as the Titmus/Stereo Circles test are known to contain monocular cues (e.g. Holmes & Leske, 1999) suggesting unimpaired stereopsis even in individuals with previously identified binocular deficits (Fawcett, 2005) . Fawcett (2005) compared four tests; the Titmus Circles test, the Randot (Version 2) Circles test, the Preschool Randot Stereo-acuity test and the Titmus Fly test (non-contour based) in 91 patients (age 5-85 years) with a history of binocular deficits and 54 normal controls (age 6-72 years). She found that the Preschool Randot test consistently identified stereo-acuity scores with a lower disparity than the Stereo Circles test, more so at the highest disparity levels. Of the 22 patients identified as being 'stereo-blind' by both the Randot Stereo-acuity test and the Titmus Fly test (noncontour based), 19 were identified as having stereoscopic vision by the Titmus Circles test (Fawcett, 2005) and 12 by the Randot Circles test. This suggests that contour based tests tend to misclassify patients with known binocular deficits as having normal stereopsis. Thus, contour based tests, are unreliable and should be avoided.
In terms of test-retest reliability the literature is scarce. A recent study concerning the reliability of the Random Dot E test examined between-tester agreement in a sample of 1195 preschool children selected after initial screening of visual acuity and refractive error (Schmidt et al., 2006) . All children that had failed in the initial screening were included in the study (58%; target conditions) whereas the remaining children (42%; no condition) had passed initial screening. A battery of tests, including the Random Dot E test, was administered on two separate occasions by licensed eye care professionals. The second tester was blind to the results of the previous screening. The results suggest that only 59% of children showed the same sensitivity to disparity on both testing occasions. The inter-tester agreement measured by Cohen's weighted kappa was j w = 0.43. Although the proportion of children showing identical scores at the two testing sessions increased significantly with age (identical scores were achieved by 54% at 3 years, 59% at 4 years, and 63% at 5 years) inter-tester agreement j w did not change significantly across age (p = 0.49).
Agreement between test results was higher among children with target conditions (j w = 0.44) than for children who did not have a condition (j w = 0.33, p = 0.02) but the percentage of children with identical scores was higher among children with no condition (66%) than among children with targeted conditions (42%; p < 0.001). This suggests that the moderate test-retest reliability of the Random Dot E test varies to some extent with age and level of deficit. The developmental component makes it difficult to generalize to a population of older children/adults who show higher test-retest reliability. There is some disagreement as how important developmental constraints are in such tests (Fox, Patterson, & Francis, 1986; Heron et al., 1985; Ohlsson et al., 2001) .
Whilst some studies have found adult-like stereopsis in 7-year-old children for Randot and TNO (Heron et al., 1985) , others argue that stereo acuity is already fully developed at an age of 3-5 years (Fox, Patterson, & Francis, 1986 ). However, developmental patterns seem to differ between testing methods. Some researchers therefore suggested that the conceptual knowledge of younger participants rather than their stereo acuity may explain inconsistencies (Ohlsson et al., 2001 ). Ohlsson and colleagues tested 1035 12-13 year olds (454 male, 581 female) using five binocular screening tools (Lang II, Frisby, Randot, Titmus, and TNO). They found that a total of 60 children who had either strabismus and/or amblyopia, only eight were identified by all five tests. Twenty six of the children were not identified by any of the tests although 23 were amblyopic. These results led the authors to conclude that none of the five tests are feasible as visual screening and selection tools as they found no significant cut-off point between visually healthy and impaired participants (Ohlsson et al., 2001) .
Instead of visual acuity and stereopsis tests, some studies either use self-report measures or simply ask participants about their visual abilities (17% in our stereo survey and 18% according to Ament et al. (2008) ). This approach appears to be far less robust than using a direct measure. However, Coren and Hakstian (1996) developed a self-report screening inventory for stereopsis, demonstrating a high degree of classification accuracy with combined stereopsis measures using a keystone telebinocular (Coren & Hakstian, 1996 ; N = 1115). Similarly, self reported skill in seeing magic eye™ stereograms, predicted performance on the TNO stereo-test (Wilmer & Backus, 2008; N = 194) . Due to their subjective nature however, the use of self-report measures by itself is not recommended.
Stereo tests have also been combined with eye tracking in order to provide a more objective measurement of stimulus detection (Kriegbaum-Stehberger, Jiang, & Mojon, 2008) . Breyer et al. (2006) applied a monitor-based random-dot stereo test for use in young children coupled with infrared photo-oculography (eye tracking). Although this arrangement provides an objective measure of stereopsis under natural viewing conditions and seems to be superior to the Lang I stereo test, the authors concede that such a combined test would be unlikely to replace current tests which are less expensive and easier to administer.
It seems that anaglyph or non-polarized versions of the RDS based tests such as the Random Dot E/Butterfly represent the least expensive, most diagnostic tools for measuring stereopsis in the adult population. In terms of non-verbal methods for use with very young children or disabled adults, the Infant Random-dot stereoacuity cards (Birch & Salomao, 1998) or the Preschool Randot Stereoacuity test (Fawcett, 2005) provide acceptable solutions.
Stereopsis and stereo-motion
In addition to monocular motion cues to depth (e.g., motion parallax, looming) there are two basic binocular cues available in stereo-motion stimuli. The first cue, binocular disparity (Julesz, 1971) , is usually addressed in the context of static stereo displays. If however, the visual system tracks binocular disparity over time then such a mechanism describes stereo-motion perception, known as changing disparity over time (CDOT; Cumming & Parker, 1994) .
Depending on the binocular viewing geometry, both eyes also receive motion signals of different magnitude and direction. This difference, which may be computed by the subtraction or division of horizontal motion signals in each eye (Regan, 1993) , is known as interocular velocity difference (IOVD). Both binocular cues, CDOT and IOVD, are confounded in natural scenes but rely on different physiological encoding. Stereo-motion may be triggered not only by stimulus motion in the scene but also by observer movements such as eye, head, and body movements (e.g., Harris, 2006; Miles, 1998) .
There is some contention in the literature whether the visual system extracts disparity information first (CDOT); motion information first (IOVD) or whether motion and disparity is jointly encoded (JEMD) to establish binocular 3D motion perception (Brooks & Stone, 2004; Lages, 2006; Lages, Mamassian, & Graf, 2003; Lages, Dolia, & Graf, 2007; . The answer to this question has proven difficult, despite the wealth of evidence in favor of any one of these accounts (for reviews see Harris, Nefs, & Grafton, 2008; Regan & Gray, 2009) . At least for local encoding of arbitrary 3D motion trajectories, the inverse problem of binocular 3D motion perception can only be solved when disparity and motion input are combined (Lages & Heron, 2008 , possibly at a late processing stage (Rokers, Cormack, & Huk, 2009) . Neuroscientific evidence in monkeys suggests parallel processing of disparity and motion information in the ventral and dorsal stream (Ponce, Lomber, & Born, 2008) . Motion and disparity constraints may be integrated along a 'complexity axis', with projections from motion area MT to the adjacent region MST (dorsal and ventral) increasing in functional complexity from posterior to anterior regions (Born, 2000) . Likova and Tyler (2007) using fMRI BOLD signals identified dedicated processing areas, selective for depth driven (cyclopean) stereo-motion in the anterior region adjacent to/partially overlapping the motion complex hMT+ (Rokers, Cormack, & Huk, 2009) . If depth and motion cues are integrated late then it seems possible that deficits in either stereo or motion processing can have differential effects on performance in binocular tasks.
There is a need in binocular vision research to measure stereomotion specific deficits, due to evidence for stereo-motion specific scotoma without obvious deficits in static stereopsis (Miles, 1998; Regan, Erkelens, & Collewijn, 1986; Richards, 1971; Richards & Regan, 1973) . Similarly, it is possible that stereo deficits in static stimulus displays do not necessarily indicate impaired stereomotion perception.
Since patients with strabismus can interact rather well with a dynamic 3D visual environment and even enjoy 3D films differences between the processing of dynamic and static stereo stimuli have been explored (Fujikado et al., 1998) . Fujikado et al. (1998) carried out individual comparisons between the Titmus/Lang stereo test, measuring fine grain depth only, and dynamic random dot stereograms (DRDS). DRDS stimuli present a succession of random dot displays, showing changing disparity of a global form or surface over time without coherent local motion signals. Success in the DRDS stimulus conditions was determined by the ability of observers to correctly locate a dynamic pattern (circle or square) moving in depth. According to Cumming and Parker (1994) most observers consistently perceive stereo-motion in such displays. A total of 52 patients with various forms of strabismus were tested and the results show that a significant number of patients who failed to demonstrate stereopsis in the Titmus fly and Lang test displayed coarse dynamic stereopsis as measured by DRDS (58.3% for Titmus fly and 56.5% for Lang test). The DRDS test had a statistically significant higher detection rate than the two static stereo tests leading Fujikado et al. (1998) to the conclusion that the use of motion in tests of stereopsis is useful for revealing lower levels of intact stereopsis. Watanabe et al. (2008) determined detection/discrimination thresholds for stereo-motion perception in 52 strabismic patients using four types of computerized dynamic random dot stereograms. The first stimulus contained both binocular disparity and interocular velocity cues (disparity + velocity condition; RDS), the observer was asked to identify the direction of rotation (clockwise versus counter-clockwise) of two parallel planes rotating in depth around a vertical axis. The second stimulus was a temporally correlated but binocularly uncorrelated version of the first such that local interocular velocity was available but no disparity (velocity condition, TCRDS), again the observer indicated direction of rotation. In the third condition, the RD stimulus was a binocular correlated but temporally uncorrelated version of the first RD stimlus, promoting disparity but eliminating local velocity cues (disparity condition, DRDS). Observers indicated the presence/absence of motion in depth. In the fourth, and final condition the random dot stereogram was a rotating cylinder in which the upper and lower halves rotated in opposite directions. The task of the observer was to identify the border between these two parts.
For some patients discrimination thresholds for motion in depth were too high in either or both velocity and disparity conditions. It is therefore difficult to say whether strabismic patients have different velocity and disparity thresholds. However, the data did allow comparing static stereopsis (as measured by the Titmus stereo test) with dynamic stereopsis. Interestingly, some degree of dissociation was found within their sample: six patients failed to detect depth at 1200 arcsec on the Titmus stereo test out of a total of 18 patients who could see motion in depth at 500 arcsec or smaller in the RDS display. On the other hand four patients showed deficits for dynamic stereopsis at 1200 arcsec out of a total of seventeen patients who could detect static depth at 500 arcsec or less.
Recent evidence suggests that individual observers without strabismus and average visual acuity use IOVD (TCRDS) and changing disparity information (DRDS) differently (Nefs, O'Hare, & Harris, 2010) . Out of a sample of 62 naïve participants eight did not reach threshold performance for perceiving motion in depth in any of the three stimuli (RDS, DRDS, and TCRDS). Forty seven observers (76%) reached acceptable thresholds levels for the RDS, 48 (77%) for the DRDS and 33 (53%) for the TCRDS. Interestingly, they found a substantial number of observers who could reliably detect motion in depth in RDS and either DRDS or TCRDS stimuli, but not in both (14 and 1, respectively). In total 29 people achieved acceptable threshold performance (75% correct at 100% signal), or better, in all three conditions. In summary, these studies add to neuroscientific evidence that functionally distinct pathways for stereo and stereo-motion processing are likely to exist and that deficits in either stream of processing may have differential effects on stereopsis and depth perception.
Discussion and conclusion
The lack of screening and sampling reports in studies of binocular vision is problematic. Standard stereo tests, despite their insufficiencies, provide a tool to assess individual stereo capabilities. This is better than no screening at all.
It follows from our review of the stereo literature that there should be no predetermined inclusion/exclusion criterion for the participation in studies of binocular vision. Our results and the results by Ament et al. (2008) as well as others suggest that stereo deficiencies are likely to occur in a significant proportion of the population. This raises the question, why stereo deficits are underreported in the majority of binocular vision research and to which extent this is due to insufficient screening and selective sampling. Poor documentation of stereo anomalies and unreported selection of participants poses a serious problem if we want to generalize results of binocular vision research to a wider population.
Thorough control of stimulus characteristics and experimental design is only one side of the coin. Binocular vision research also needs to assess and report the stereo capabilities of observers. Every report should inform how observers were screened and sampled and which exclusion criterion, if any, was applied before experimental testing. It seems reasonable to screen observers using standardized stereo tests so that basic stereo acuity can be assessed and documented. In addition, we suggest developing a simple stereo-motion test that can measure dynamic stereo capabilities.
Selection and exclusion of participants, however, should always be reported and limited to observers who cannot perform in the main experimental task under investigation. If stereo screening and sampling procedures are reported in detail it might emerge, for example, that observers with severe stereo deficits can perform in a given binocular task whereas observers without obvious stereo deficits cannot. These dissociations would be highly informative.
One possibility to improve performance in stereo tasks is to train observers before testing. Observers may show significant improvement in performance through practice (Lu et al., 2005) . Perceptual learning has been demonstrated in a wide range of visual tasks, including depth perception (Sowden et al., 1996) and figure detection (O'Toole & Kersten, 1992) in random dot stereograms. The effects of training are thought to be persistent as some observers demonstrated retention of training effects for months or even years (Fahle, 2005; Gantz et al., 2007) . Less is known about the mechanisms underlying perceptual learning and visual longterm memory (Lages & Paul, 2006; Lages & Treisman, 1998; Lages & Tresiman, 2010) . There is always the danger that observers with stereo deficits develop intelligent coping strategies.
Relatively simple, cost effective tests for assessing stereopsis are available. Of these, RDS based tests such as the Randot E/Butterfly, are commonly used and recommended. They are quick and easy to administer and minimize monocular cues to depth. However, they provide only a coarse measure of stereo acuity because they rely on the detection of a global form in depth and movements of stimulus and observer are difficult to control.
Throughout this review we have highlighted the importance of a detailed report on screening for stereo deficits as well as sampling. We discussed stereo-motion perception as a critical example since performance in standard stereo tests may be confounded by dynamic stereo cues, especially when stimulus, eye, head, and body movement are not controlled. Stereopsis based on dynamic cues appears to be different from stereopsis based on static cues, not only in terms of low-level encoding. With this in mind, we suggest that observers should be screened for stereo deficiencies in both.
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Appendix A. List of stereopsis tests
This table gives a brief overview of the most commonly used stereo tests in terms of type and range of stereopsis tested, whether they are contour or RDS based and how they are administered. Other tests available tend to be variations on the tests included here and differ only in the test image presented (see Table A1 ). 
